This study was conducted to compare the anatomical histological and histochemical structure of human liver with the liver of domestic rabbits to evaluate the quality of liver of rabbit to be used as a model of mammalian species in the experimental researches. Ten liver biopsies of human (Group I) and same number of liver specimens of domestic rabbit (Group II) were used in this study. The liver specimens were processed and stained with Harris Hematoxylin and Eosin stain and Masson's Trichrome stain and examined under light microscope. For histochemical examination, Periodic Acid Schiff's, Best's carmine and Gomori's Alkaline Phosphatase stains were used. Histomorphometric measurements were done to compare some parameters between the two groups. Transabdominal ultrasound examination was done to compare ultrasonic appearance of the liver in both groups. The work was done from May 2018 to December 2018. The study revealed more lobulated liver of domestic rabbits, hexagonal lobules are mingled with each other in rabbit's liver compared to human, larger hepatocytes, with higher percentage of binucleated hepatocytes and thicker capsule in the human's liver than in the rabbit's liver. Histochemical results revealed less carbohydrates, less glycogen content with less activity of alkaline phosphatase in the cytoplasm of hepatocytes of the human's liver. The ultrasound image revealed denser hyperechoic diaphragm and fibrous capsule, nonhomogenous low echogenicity of parenchyma of the liver of human compared to the rabbit's liver. We conclude that the basic anatomical and histological structure is more or less similar in the human's liver and liver of domestic rabbit but the few differences might be related to the evolutional variations among mammals thus the value of the liver tissue of domestic rabbit to be used in the experimental researches is significant.
Introduction
Anatomical and histological structure of the liver varies in different species. The human liver is the largest organ in the body with an average of 1500 gram in weight. It is situated in the right hypochondrium under the right dome of diaphragm (1) . Grossly it is divided into right and left lobe in addition to caudate and quadrate lobes in the visceral surface, the gall bladder is situated in the inferior surface of right lobe (2) . The portal vein and hepatic artery supply the liver with nutrient-rich and oxygenated blood then the blood drained into the hepatic sinusoids, from which the blood is drained to central veins then to the hepatic veins and inferior vena cava (3) . The hepatic lobule is hexagonal consists of plates of hepatocytes separated by sinusoids which drain into the central vein with portal triads at the corners of each lobule with the central vein in the center of each lobule, each portal triad contains a ramification of portal vein, hepatic artery and a bile duct (4) . The liver is encapsulated by a connective tissue capsule which is reinforced by the falciform ligament, left and right triangular ligaments and coronary ligament (5) . The liver of domestic rabbit is soft lobulated organ lies in the epigastric region below the diaphragm It extends between the costal arches from the 7 th right rib to the 9 th left rib and touches the left and right abdominal walls (6, 7) . The liver of domestic rabbit consists of multiple lobules, each composed of irregular plates of hepatocytes with intervening sinusoids which drain into central vein, the cells are polyhedral with acidophilic cytoplasm and prominent nuclei (8, 9) . Rabbit is a laboratory animal model which has been used in many scientific researches concerned with the assessment of the new pharmaceutical drugs, production of vaccines and for testing the new surgical techniques (10) . The ultrasound (US) visualization of the organs correspond to their anatomical and histological interpretation which is apparent in the medical practice as "Golden standard", Previous studies showed that the histological structure is a key factor to obtain objective US results, thus the different echogenicity of the US wave at the same frequency is due to different structure of the liver in different species (11) . The lack of studies that compare the anatomical and histological characteristics of human liver and rabbit liver encourage us to do this study aiming to observe, compare and differentiate the anatomy, histology and histochemistry of human liver with that domestic rabbit to assess the quality of liver of domestic rabbit to be used in the experimental studies.
Materials and methods
In this study, Group I include 10 fresh autopsied normal liver biopsies of human collected from the histopathological laboratory in the Department of Forensic Medicine in Mosul after taking appropriate agreement and ethical approval from Nineveh Health Directorate. Group II includes 10 liver specimens collected from 10 healthy domestic rabbit of both sexes, aged 6-12 months and weighed 1.5-2.5 kg bought from the local market in Mosul. The animals were housed under standard hygienic conditions with free access to food and water. The animals were anaesthetized using intramuscular injection of 50 mg/kg Ketamine combined with 5mg/kg Xylazine (12) . An abdominal incision was done then the peritoneal cavity was opened to see the abdominal viscera clearly. Anatomical topographic localization of liver was done and documented by digital camera (SONY-Cybershot 14.1 Mega Pixels). The liver was extracted from each animal, washed with normal saline solution (0.9%) then dried on filter paper, photographed, and fixed in 10% neutral buffered formalin solution for about 24 hours. The ethical guidelines were approved in the accordance of the international committee of laboratory animal use and care in animal research. The work was done from May 2018 to December 2018.
Specimens of the liver tissue from the two groups were processed into paraffin blocks according to Bancroft et al. (13) . then serial sections were obtained from each block using Reichert's Rotatory Microtome and stained with Harris Hematoxylin and Eosin (H&E) and Masson's Trichrome stains according to Kim et al. (14) then the stained sections were examined using Compound Photo Microscope and some micrographs were taken from some sections using BEl Photonice microscope. For histochemical examination, Periodic Acid Schiff's (PAS) stain was used to detect the carbohydrates, glycogen and mucin, Best's carmine stain to detect glycogen and Gomori's Alkaline Phosphatase-Cobalt method to detect alkaline phosphatase activity in the cytoplasm of the hepatocytes and in the extracellular spaces according to Kumar and Chakrabarti (15) . Micromorphometric measurements were done to compare some parameters between Group I and Group II by using the color USB 2.0 digital image camera (Scope Image 9.0-China) which was provided with image processing software. The software of camera was calibrated to all lenses of Microscope-Olympus-CX31 by aid of 0.01mm stage micrometer (ESM-11/Japan). Ultrasound study was done to compare ultrasonic appearance of the liver in both groups. The transabdominal ultrasound equipment (model Samsung Medison SonoAce R7 Japan) used to examine the liver of Group I and transabdominal ultrasound equipment (model KS-5100Vet Keebomed USA) to examine the liver of Group II. For statistical analysis, computer package (Sigma plot V12.0 / SYSTAT software) was used to conduct the histomorphometrically analysis. Data were presented as Means ± SE (standard error) and were analyzed using Duncan's test with significant level set as P <0.05 (16) .
Results
The liver of domestic rabbits is dark brown soft lobulated organ composed of five lobes, right lobe, left lobe which is subdivided into lateral and medial lobes, quadrate and caudate lobes. The left medial and lateral lobes are parallel to the right lobe ( Figure 1 ). The diaphragmatic surface (parietal) is convex and lies in close contact with the diaphragm (Figure 2A ). The visceral surface is concave and marked by area of porta hepatis and in this surface the left medial lobe appeared to be covered by the left lateral lobe, caudate lobe has a caudate process which is closely related to the right kidney while quadrate lobe is small and covered by fossa for the gall bladder, impressions for the lesser curvature of stomach, first part of duodenum and the portal vein are visible in addition the gall bladder which appeared cylindrical and not reach the anterior border of the liver ( Figure 2B ). Figure 1 .
Histological Findings
The liver of human (Group I) consists of roughly hexagonal lobules separated from each other by connective tissue trabeculae which extend from the capsule, the central vein lies approximately in the center of the hepatic lobule ( Figure 3A) . While, the liver of domestic rabbit consists of several lobules mingled with each other due to few or absent connective tissue septa between them, random irregular distribution of central veins within the hepatic lobules was observed ( Figure 3B ). The hepatocyte in the liver of human (Group I) are large hexagonal or polyhedral with central large rounded nuclei and eosinophilic cytoplasm arranged in regular plates separated by sinusoidal capillaries which are lined by flattened endothelial cells and the Kupffer cells which appear spherical in shape with dark cytoplasm ( Figure 4A ). Whereas, in rabbit's liver (Group II) the hepatocytes are polyhedral with smaller rounded nuclei arranged as irregular plates or cords ( Figure 4B ). Portal triads in Group I contains branches of hepatic artery, portal vein and bile duct ( Figure 5A ). In Group II the portal triads lie at the angles of the hepatic lobules with dense connective tissue containing branches of hepatic artery, portal vein and bile duct ( Figure 5B ). In both groups, the cytoplasm of hepatocytes exhibit obvious vacuolization whereas the hepatocytes adjacent to the bile ducts have a homogenous cytoplasm and their nuclei appear either dark (heterochromatic) or light (euchromatic). Binucleated hepatocytes (diploidy) are present in the liver parenchyma of both human and rabbit but its percentage is higher in human (16%) than in rabbit (13%). On the other hand, the percentage of binucleated hepatocytes is higher near or around the bile ducts and the connective tissue septa in both human and rabbit's liver (Table 1) ( Figure 6A and B) . 
Morphometrical findings
The analysis of all the parameters of micromorphometric measurements revealed a significant difference between the liver of human and domestic rabbit at P ≤ 0.05 ( Table 2 ). The micromorphometric examination of liver of Group I and II showed that he capsule in human liver (Group II) is thicker about seven folds more than that of liver of rabbit and is composed of three layers, inner and outer connective tissue layers and a middle layer rich with smooth muscle fibers whereas that of rabbit is composed of one layer consists of connective tissue fibers ( Figure 7A and B) ( Figure 8A and B) ( Table 2 ). The area of portal triad measured in micometer 2 (µm²) in rabbit's liver is more about two folds than in human's liver ( Table 2 ). The diameter of the hepatocyte in human liver is significantly more and the nuclear diameter is significantly larger than that of liver of rabbit ( Table 2 ). The mean diameter of hepatocytes cords or plates is significantly less in human liver consisting of one cell thickness while hepatic cords of rabbit's liver has one or two hepatocyte thickness ( Figure  7C and D ) ( Table 2 ). The number of central veins per field appeared more in human liver but the mean diameter of central vein is recorded to be higher in the liver of rabbit ( Figure 7E and F) ( Table 2 ). Irregular shaped sinusoids with varied diameter extended among the hepatic plates in both human and rabbit's liver but the mean diameter of hepatic sinusoids is significantly higher in rabbit's liver ( Table 2 ). The diameter of bile ductule is significantly more in rabbit's liver whereas the diameter of hepatic arteriole and portal venule is more in the liver of human (Table 2 ). 
Histochemical findings
The histochemical examination of the liver of human and domestic rabbit revealed less carbohydrates including glycogen content in the cytoplasm of hepatocytes of the human's liver manifested as weak positive reaction to PAS ( Figure 9A ) compared to strong positive reaction to PAS in the cytoplasm of hepatocytes of the rabbit' liver (Figure 9  B) . Specifically less glycogen content in the cytoplasm of hepatocytes of the human's liver confirmed by weak positive reaction to Best's carmine stains ( Figure 9C ) compared to strong positive reaction to Best's carmine in the cytoplasm of hepatocytes of the rabbit' liver (Figure 9  D) . Marked increase in the activity of alkaline phosphatase manifested as a strong reaction to Gomori's alkaline phosphatase stain in the rabbit' liver as compared to the human liver (Figure 9 E and F) .
Ultrasound findings
The US image of the liver of human revealed dense hyperechoic diaphragm and fibrous capsule ( Figure 10A ) while the US image of the rabbit's liver revealed the diaphragm and the fibrous capsule as less hyperechoic shadow ( Figure 10B ). The liver of human showed nonhomogenous low echogenicity of parenchyma observed as dark grey color with finely grainy appearance ( Figure 10A ) whereas in the rabbit's liver homogenous low echogenicity was observed ( Figure 10B ). The wall of the hepatic duct was hyperechoic compared to the relatively hypoechoic parenchyma in both groups (Figure 10A and B ). Portal vein showed increased echogenicity related to the strength of the echo signal reflected by tunica adventitia and lamina propria ( Figure 10A and B ). 
Discussion
In the present study, the anatomical close contact of the parietal surface of liver of domestic rabbit with the diaphragm and the relation of the left part of visceral surface with the lesser curvature of the stomach and right part with the cecum are similar to the finding previously reported by Verma et al. (8) . The human's liver has four lobes when it is defined by gross anatomical appearance, and eight segments by its internal architecture and knowledge of anatomy is required for good surgical outcome and diagnostic imaging (17) . In most mammals, the liver consists of multiple lobes but the arrangement and number of the lobes varies considerably among the domestic animal species like cow, goat and sheep (18) . Characteristic lobation of the rabbit's liver into five lobes right, left lateral, left medial, quadrate and caudate lobes which is composed of caudate process and papillary process confirmed the results of Stamatova et al. (19) and Verma et al. (8) who mentioned that the left lateral lobe was slightly larger than the right one and the quadrate lobe is the smallest of all other lobes of rabbit's liver.
In both groups, hepatocytes adjacent to the bile ducts with heterochromatic or euchromatic nuclei could be attributed to the mitotic activity and regenerative characteristic feature of mammalian liver which is capable of recovering after a variety of injuries either via replication of the existing cells or via differentiation from specialized stem cells as mentioned by Stanger in (20) and Al-Hamdany and Al-Hubaity (21) . Higher percentage of binucleated hepatocyte (polyploidization) in the in parenchyma of human's liver 16% than in rabbit's liver 13% is explained by more nourishment and extensive blood supply of the peripotal hepatocytes in the region close to the portal triads and in septa separating between the lobules, this findings are in agreement with 40% percentage of polyploidization in the hepatocytes of human's liver reported by other workers which is considered as an indicator of aging process and could be stimulated by metabolic stress as surgical resection, toxic stimulation, and oxidative damage (22, 23) . Thick capsule of liver in human as compared with that of liver of rabbit similar to the finding previously reported by Gupta et al. (24) in the liver of neonatal rabbits. Wider area of portal triad in rabbit's liver than in human liver might be due to less diameter of hepatic arteriole and portal venule allowing more area for connective tissue and this agree with the finding of Verma et al. (8) . The significant larger diameter of the hepatocyte and their nuclei and subsequently less diameter of hepatocytes cords consisting of one cell thickness in the liver of human might be due to more intense metabolic activity and functions of the hepatocytes in the liver of human corresponding to the different size and surface area between the two species in order to maintain whole body homeostasis similar observations have been noticed by Kietzmann (25) .
In the present study, Less carbohydrates and specifically less glycogen content in the cytoplasm of hepatocytes of the human's liver as compared to the rabbit's liver agree with the finding of previous workers who mentioned that greater metabolic activity and larger surface area of the human body lead to rapid depletion of glycogen droplets stored in the cytoplasm of hepatocytes and subsequently weak positive reaction to PAS and Best's carmine stains and this depends also on the nutritional status of the individual (26) . Gomori's method was used to determine alkaline phosphatase enzyme activity in the hepatocytes of human and rabbits, the degree of blackness of the cell cytoplasm is attributed to the activity of the enzyme present (27) . Strong reaction to Gomori's alkaline phosphatase stain in the rabbit' liver as compared to the human liver is similar finding had been established by Voieta et al. (28) .
The characteristic ultrasound image of the liver in both species explain the anatomical position and histological features as the arrangement of hepatocytes, sinusoidal capillaries and fibrous capsule, this is correlated with the application of the imaging techniques for the anatomical study of the organs (29) . The histological interpretation of the obtained US visualization of liver is due to the scattering character of the echo-signal, generated by perivascular connective tissue, parenchyma, and biliary duct system (30) while in human's liver, micromorphological features of the soft tissue are the "Gold standard" which determine the US anatomical images (31) .
The variability in the US image of the liver between human and rabbit is due to variable acoustic impedance of the tissue and not related to the orientation of the transducer to the field of study (32, 11) . The echogenic shadows of the rabbit's liver reflects the histological features of the liver and biliary ducts with variable US acoustics at the same intensity of the US wave in contrast to the ultrasound image of human's liver in which connective tissue is the only morphologic substrate that decides the acoustic properties of the ultrasound appearance (33) . The acoustics image of fibrous capsule and hepatic parenchyma in both human and rabbit is related to some ultrasound indices as brightness and contrast according to the grey-white scale, variety of the grey shadow and the speed of the US wave (34) .
In conclusion the basic anatomical and histological structure is more or less similar in the human's liver and liver of domestic rabbit but some differences are observed which might be related to the evolution or development variations among mammals. The value of the liver tissue of domestic rabbit to be used in the experimental researches is clearly significant.
